ABSTRACT. Background and aims:
INTRODUCTION
The increasing survival of people to old age forms one of the most dramatic demographic changes of the twentieth century. With advancing age, people are more often confronted with chronic diseases, functional decline, disability and loss of independence (1, 2) . The elderly, therefore, rely more heavily on health care facilities (3, 4) . Promoting successful aging is a great challenge. Indeed, people who have reached old age successfully are characterized by high levels of functioning in both physical and psychosocial domains (5) (6) (7) . Several studies have shown that disability can be prevented or reduced by enhancing physical fitness through physical activity (8, 9) . In the psychological domain, one often focuses on specific age-related symptoms or disorders like memory impairment (10, 11) , depression (12) or dementia (13) . Also here, it has been shown that specific interventions help people to cope with these symptoms and to overcome barriers for a socially and physically active lifestyle, thus enhancing the quality of life of older people.
The results of these studies are helpful in developing specific intervention programs for elderly persons. However, one important requirement for applying these results properly is that the studies must provide information regarding
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their generalizability. Indeed, subjects who volunteer in studies on the promotion of successful aging may not be representative of the target population, but may have selected themselves on the basis of certain characteristics. This may lead to inadequate estimates of effect sizes or to the development of intervention programs that are not suitable for the target population, because the programs are too difficult, too demanding or too long.
Volunteer bias may be investigated by comparing participants' characteristics with the characteristics of persons who refuse to participate or who are not reached by the recruitment strategy. Until now, only a few studies have investigated volunteer bias in the context of intervention studies on the promotion of successful aging. Wagner et al. (14) compared participants with non-participants in a health promotion program for persons over 65 years of age. They found that non-participants had lower self-reported health, a lower level of education and a less active social life, and were more often smokers than were participants. Conversely, in a comparable health promotion program Ives et al. (15) found that participants were more likely to have disease histories and risk factors for disease than non-participants. In a younger population, Alexy (16) investigated differences between participants and non-participants in a workplace wellness center, which had facilities for exercise, and found that non-participants experienced less self-efficacy, and were older and less educated than participants.
Although little information is available on the determinants of volunteer bias in intervention studies on the promotion of successful aging, potential determinants may be derived from studies on participation in survey research, adherence or attendance in physical activity programs, and adherence or attendance in psychological interventions.
In the studies of (non-)participation in survey research, the identified determinants of non-participation included older age (17) (18) (19) , being female (17, 19) , lower level of education (19, 20) , lower level of cognitive functioning (20) (21) (22) , more depressive symptoms (21) and a lower level of activities of daily living (ADL) functioning (21) .
Research on physical activity programs showed that, compared with adherers, drop-outs (persons who initially started the program but then withdrew) had less self-efficacy (23) (24) (25) (26) (27) (28) , more symptoms of depression (25, 29), a lower level of perceived stress (30) , fewer perceived benefits (23), less positive outcome expectations (24) , less support from family, friends or exercise staff (28, 31) , a lower level of physical fitness or physical function (25, 26, 29, 30) , more medical problems (25) , less prior exercise participation (27, 32) , a higher body mass index (30) , and were more often smokers (23) and on average younger (29) .
In studies on adherence in psychological interventions, lower household income, negative treatment attitudes, greater age, lower education and higher anxiety sensitivity (33) , living alone and unemployment (34) and stronger religious beliefs (35) were identified as determinants leading to drop-out.
Against this background, the present study attempts to achieve more insight into the role volunteer bias may play in intervention studies aimed at enhancing activity in the elderly. This was done by critically analyzing the participants of the Groningen Intervention Study on Successful Aging study (GISSA).
GISSA investigates whether physical activity and psychological interventions interact in their influence on disability. Disability was operationalized as the restriction to perform activities of daily living in both physical and psychological domains. In GISSA, participants were randomized over four 18-week intervention programs: physical activity, psychological intervention, a combination of physical activity and psychological intervention, and an educational program as control intervention. Since GIS-SA participants were recruited from a larger pool of respondents in a longitudinal study (Groningen Longitudinal Aging Study) (GLAS), we were able to investigate differences between participants and non-participants over a wide range of potential predictors. Participants and nonparticipants were assessed at the moment of invitation. However, since in the context of GLAS all persons had also been measured eight years previously, we had a unique opportunity of investigating differences between participants and non-participants -not only with respect to functioning at a certain moment in time, but also with respect to the potential determinants of (non-)participation that appeared across time.
METHOD
Subjects
The study sample was a selection of follow-up participants in the GLAS. GLAS is a population-based prospective follow-up study of the determinants of health-related quality of life of older people, with particular emphasis on physical and social disability and well-being (36, 37) . The source population of GLAS consisted of individuals aged 57 years or older who live in the north of the Netherlands, either independently or in a home for the elderly. Subjects with severe cognitive impairments were excluded [Mini Mental State Examination score of less than 17 (38) ]. Figure 1 shows the selection procedure. In 2001, 3227 persons were registered as participants of GLAS. They received a mailed questionnaire, including repeated measurements of baseline questionnaires, and two screening scales on respectively functional and physical activities. Based on the screening scales, a selection of subjects were invited to participate in GISSA. Those who were classified as (i) very active on both scales or (ii) very active on one scale and moderately active on the other scale, were excluded.
Procedure
Invited subjects received an information brochure with a response form which they were asked to return by mail. The brochure included information regarding interventions, test procedures and randomization procedure, and phone numbers to obtain further information from the researchers or advice from an independent physician. A cover letter emphasized the benefits of participating in the program. Non-responders received a single reminder by mail. Before pretest, informed consent was obtained from all participants. The study was approved by the local medical ethics committee.
In the present paper, four groups of subjects who were invited to participate in the GISSA program are compared: subjects who did not respond after the reminder (Non-responders), subjects who did not want to participate (Refusers), subjects who intended to participate but withdrew before pretest (Withdrawers), and subjects who actually did participate (Participants).
Measurements
Measurements were obtained at the moment of invitation in GISSA (during follow-up of GLAS) and eight years before invitation (during baseline of GLAS in 1993). Besides demographic, functional and physical activity measures, measurements were obtained in three other domains: physical functioning and health, psychological functioning, and social support.
(i) Physical functioning and health. Physical limitations were measured by a subscale of the Medical Outcome Scale (MOS, 39). This subscale contains six items with two possible answers. Sumscores are transformed to a range from 0 (limited on all six items) to 100 (not limited on all six items).
The number of chronic conditions was assessed with a list of 19 conditions (40) . For each condition, subjects were asked if they had consulted a family practitioner or specialist or had taken medicine for that condition in the 12 months prior to the assessment. The total number of conditions had a possible range from 0 to 19.
Basic ADLs and instrumental ADLs were assessed with the Groningen Activity Restriction Scale (GARS, 41). The GARS was developed to assess disability in the domains of personal care and domestic activities. It includes eleven basic ADLs and seven instrumental ADLs. Possible scores range from 11-44 (basic ADLs) and from 7-28 (instrumental ADLs). In addition, six items referring to more vigorous activities were also assessed, with four possible answers per item. Possible scores ranged from 6 to 24. For both disability measures, higher scores indicated higher levels of disability.
(ii) Psychological functioning. Affective states (feelings of anxiety, depressive symptoms) were assessed with the two subscales of the Hospital Anxiety and Depression Scale (42). On both scales, possible scores range from 0 to 21. General self-efficacy was assessed by means of the self-efficacy scale of Sherer et al. (43) , which has a minimum of 16 and a maximum of 80. Mastery or personal control was assessed on Pearlin and Schooler's (44) mastery scale, on which scores may range from 7 to 35. Neuroticism and extroversion were assessed with subscales of the revised version of the Eysenck Personality Questionnaire (45) . Both subscales have possible scores from 0 to 12. On all scales for psychological functioning, higher scores indicated higher levels of the concept concerned.
(iii) Social support. Social support was assessed using the 12-item Social Support List for Interactions (SSL-12-I) (46 Withdrawal before pretest n=37
Response follow-up GLAS (n=2141) 
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Data analysis
Data were analyzed using SPSS 8.0. Differences in gender, living situation, level of education, functional activity and physical activity between the four groupsnon-responders after reminder (Non-responders= NR), those who refused to participate (Refusers= RF), those who intended to participate but withdrew before pretest (Withdrawers=WD), those who actually did participate (Participants=P) -were investigated with Pearson's chisquare test. Differences in age between the four groups were investigated using analyses of variance with post-hoc tests and Tukey corrections for multiple comparisons. Multivariate and univariate analyses of variance were used to investigate differences between the four groups in physical functioning and health, psychological functioning and social support at the moment of invitation (in which gender was added as a second factor and age was covaried). Additionally, post-hoc tests with Tukey corrections for multiple comparisons were performed. Similarly, multivariate and univariate analyses of variance with post-hoc comparisons were performed to investigate differences between the groups for measurements eight years before invitation. Lastly, multivariate and univariate analyses of variance were used to investigate the interaction effect of group x time of measurement (moment of invitation versus eight years before invitation) with post-hoc comparisons on the differences between the moment of invitation and eight years before invitation. To avoid "data fishing", univariate results were only computed for significant multivariate effects, and post-hoc analyses were made only for significant univariate effects. P-values of less than 5% were considered to indicate statistical significance. Table 1 shows the characteristics of the sample. There were no significant differences in gender or living situation between the four groups. They differed significantly with respect to age, Participants being slightly younger than the p=0.000 a Minimum score = 5 (inactive), maximum score = 25 (very active).
RESULTS
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other groups. Post-hoc tests showed only significant differences for age between Participants and Refusers (p=0.014). There were significant group differences in level of education, the Participants being more highly educated. For both functional and physical activities, there were significant group differences. Participants were less often classified in the least active group and more often in the most active group. Table 2 illustrates the group differences in physical functioning, psychological functioning and social support, at the moment of invitation and eight years before invitation. Multivariate results showed a significant main effect of group on the measurements in physical functioning, psychological functioning and social support at the moment of invitation (Pillai's Trace F=2.273; df=42,3744; p=0.000). 
yses of variance for this moment of measurement. For all measures of physical functioning except for the number of chronic conditions, group differences were significant, Participants being the best functioning group. Post-hoc analyses showed that Participants differed significantly from Non-responders and Refusers for all measures of physical functioning, and from Withdrawers on the medical outcome scale and vigorous activities. For psychological functioning, the groups differed significantly on depressive symptoms only. On average, Withdrawers had the most depressive symptoms and Participants the least.
Although post-hoc analyses showed only non-significant differences between pairs of groups, the difference between Withdrawers and Participants reached borderline significance (p=0.054). For both social support in everyday situations and social support with problems, the groups differed significantly, Participants perceiving the least support. Post-hoc analyses showed that Participants differed significantly from Refusers on both support in everyday situations and social support with problems. Multivariate results showed a significant main effect of group on the measurements in physical functioning, psychological functioning and social support eight years before invitation (Pillai's Trace F=2.056; df=42,3744; p=0.000). Table 4 lists the univariate group differences eight years before the invitation. Considering these univariate results, the groups differed significantly with respect to instrumental and vigorous ADLs and the number of chronic diseases at this point in time. Compared with the other groups, Participants had on average the best scores for both instrumental and vigorous activities of daily living (Table 2) . Post-hoc analyses showed only significant differences between Participants and Refusers in vigorous activities. Withdrawers were characterized by more chronic conditions than the other groups (Table 2) -a difference that was significant compared with both Participants and Non-responders.
The multivariate results of the analysis of variance showed a significant interaction effect of group x time of measurement (moment of invitation versus eight years earlier) on measurements in physical functioning, psychological functioning and social support (Pillai's Trace F=1.476; df=42,3744; p=0.025). Table 5 lists the univariate results and post-hoc comparisons of this interaction effect. All measures of physical functioning except number of chronic conditions revealed significant group x time interaction effects. For all these variables, post-hoc analyses showed significant differences between Participants and Non-responders and between Participants and Refusers, Participants showing the smallest rate of decrease in functioning across the eight years preceding the invitation (Table 2) . Psychological functioning showed significant group x time interaction effect for feelings of anxiety and mastery. Withdrawers had a larger increase in feelings of anxiety than the other groups (Table 2) . According to the post-hoc analyses, this was significant in comparison with Participants. Furthermore, Participants and Non-responders differed significantly with respect to change in feelings of anxiety, with less change for Participants (Table 2 ). For mastery, Non-responders had 
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the highest decrease in feelings of mastery, which was significantly different compared with both Refusers and Participants. For social support, the group x time interaction effect was only significant for social support in everyday situations in all groups, except Withdrawers, who showed an increase in support (Table 2) . However, posthoc comparisons did not reveal significant differences between groups. 
DISCUSSION
The purpose of the present paper was to investigate volunteer bias in a RCT study on the promotion of successful aging. Results showed that, at the moment of invitation, Participants were younger, better educated, functionally and physically more active, had better scores on the physical functioning subscale of the MOS, better ADL function, fewer depressive symptoms, and perceived less social support in everyday and problem situations than Non-participants. In the physical domain, these differences were partly present eight years before invitation for instrumental and vigorous ADL. However, it was indicated that, across the eight-year period, Participants showed a slower rate of decline for the physical functioning MOS subscale and ADL functioning than Non-participants. In the psychological domain, a similar same pattern became visible: Participants showed a slower decline in functioning during the eight years prior to invitation.
The post-hoc multiple comparisons showed differences particularly between Participants on one hand and Non-responders and Refusers on the other hand. Withdrawers revealed only a few differences respect to the other groups. One explanation for this may be that this group was slightly smaller in sample size and thus had less power in the multiple comparisons. For instance, the non-significant difference between Participants and Withdrawers in ADL functioning at the moment of invitation (p=0.232) had a larger size effect (0.45) but less power (71% using t-test) than the significant differences between Participants and Non-responders (size effect 0.36, power 97%) or between Participants and Refusers (size effect 0.29, power 94%). The descriptive results showed that Withdrawers had a striking pattern, characterized by more chronic conditions, more depressive symptoms, and more feelings of anxiety than the other groups. The persons in this group were all asked for their reasons for withdrawal. Fifteen (41%) referred to their health, especially disease, frailty or expected hospital admission, and eight (22%) mentioned their partner's health as their main reason for withdrawal.
We identified level of education as a determinant of program participation, in accordance with several other studies on participation (14, 16, 19, 20) . However, in research on determinants of program adherence, level of education was, as far as we know, only once identified as an important determinant (33) . On one hand, this may reflect differences between determinants of program participation and determinants of program adherence. On the other hand, physical functioning and health are often identified as determinants of participation as well as of adherence.
In several studies, self-efficacy was identified as a determinant of adherence in physical activity interventions (23) (24) (25) (26) (27) (28) . We did not find any differences in self-efficacy between Participants and the three groups of Non-participants. This inconsistency may also reflect differences between determinants of program participation and determinants of program adherence. Another explanation may be that we measured general self-efficacy instead of specific self-efficacy for physical activity or psychological interventions. Measures of specific self-efficacy may give valuable additional information.
Our results showed that Participants perceived less social support than the other groups, which contrasts the findings of Oka et al. (31) and Rhodes et al. (28) . This inconsistency too may reflect differences between determinants of program participation and determinants of program adherence. Lower levels of perceived social support may initially stimulate people to participate, because loss of independence may be more threatening for those without adequate social support or because they are especially attracted to the group character of the intervention. However, for long-term adherence, people may really need social support. An alternative explanation is the simple fact that the better functioning participants did not need any social support and consequently did not perceive it as a possibility that was available.
In general, the heterogeneity of the studies we reviewed and our study hampered comparability between them. Studies differed not only with respect to aiming at program participation or program adherence, but also varied with respect to setting. Our study was conducted in a research setting in which participants were randomized over differing types of interventions. Other studies on volunteer bias in intervention studies on the promotion of successful aging (14-16) were conducted in community settings without randomization. Nevertheless, our results are comparable with those of Alexy (16) and Wagner et al. (14) . Another difference between the studies is the presence of a question for help -for instance, in studies on adherence to psychological interventions (33-35), or not -for instance, in our study. Furthermore, program characteristics varied among studies: for instance, health promotion versus physical activity or psychological interventions and differences with respect to frequency, intensity and duration. The way participants select themselves may at least partly depend on setting, presence of a question for help, and program characteristics.
The subsample we asked to participate in GISSA had already participated in GLAS, a longitudinal survey study. Several studies have shown that survey research has to cope with volunteer bias regarding younger age (17, 18) and higher levels of functioning in participants compared with Non-participants (19) (20) (21) (22) . In GLAS, non-response at baseline was higher in the older age groups and slightly higher for women. Among the non-responders, the proportion of patients with malignant neoplasms was higher. This, however, did not apply to heart disease, chronic respiratory disease, or chronic diseases of the musculoskeletal system (47) . Consequently, the invited subsample was not totally representative of the general population. If GLAS non-responders could be persuaded to participate in the survey study -for instance, by more ag-
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gressive recruitment strategies -differences between participants and non-participants in our intervention study might be larger. Therefore, we may even have underestimated the actual strength of volunteer bias.
In this study, the research sample was recruited among an existing cohort rather than on a totally new recruitment, which is the case in most studies. Our recruitment strategy resulted in the possibility of investigating differences between participants and non-participants extensively. At the same time, this recruitment strategy may also limit our findings. People who are already participating in a longitudinal study may react differently to the request to participate in an intervention study than "new" people. On one hand, they may be disposed to refuse to participate, because they feel that they spend enough time on helping other people do research. On the other hand, they may tend to collaborate earlier because they feel committed. Nevertheless, these considerations are expected to explain only to a small extent why people decide to participate or not, since there may be many other reasons. For instance, our results indicate that functional problems may keep persons from participating, and these impediments will appear in new recruitments as well.
In GLAS, persons with severe cognitive impairment were excluded. This may limit our findings, especially if one is interested in the effects of intervention programs to promote successful aging that are also suitable for cognitively impaired persons. However, this particular population requires specific treatment, and will therefore often be excluded in advance.
In GISSA, we excluded the most active persons, since the interventions were designed for persons at risk of "unsuccessful" aging. The results showed that, among the less active persons, the least active more often did not respond or refused to participate than participants. If we had not excluded the most active persons, the rate of participation would have been higher.
We did not study why subjects decided to participate or not. On one hand, subjects may decide to participate for their own benefit, to become more active, fitter or healthier, or because they expect they will enjoy the activities. On the other hand, their motivation may be "to contribute to scientific research on successful aging", which may be related to the higher educational level of participants. Also, reasons not to participate may be miscellaneous. Investigation of reasons for (non)participation may add valuable insights which could be used in strategies to enhance participation rates.
The conclusion of this study is that the people who volunteered to participate in GISSA selected themselves on demographic, physical and psychosocial characteristics. This will limit the generalizibility of the results regarding the effects of the proposed interventions. In fact, every RCT study is threatened with respect to its external validity. However, if we can identify the characteristics of those who tend to be underrepresented, we can adapt our recruitment strategies to include more persons with these characteristics and thus enhance generalizibility. This may have important consequences for the implementation of intervention programs to promote successful aging in community settings. These programs should reach people who might benefit the most from this kind of interventions. They include not only inactive and less functioning persons, but also persons at risk due to a strong decline in functioning. However, our results showed that these persons might not be reached without adequate recruitment strategies. Especially the latter group, persons now functioning at normal levels but declining relatively fast, needs special attention. They will often be overlooked and, with time, they will be more and more difficult to reach. If persons at risk for "unsuccessful aging" could really be reachedfor instance, with intervention by the regular health care authorities -one should bear in mind that the intervention programs developed in RCT research without adequate consideration of external (population) validity, may not be suitable for this specific population.
